Harold Griffith's experiments with Intocostrin were swiftly repeated by others in Canada and the U.S.A., the North American literature for the next few years being filled with references to muscle relaxants. Meanwhile much of the rest of the world was in the grip of war which inevitably delayed the investigation of relaxants for anaesthesia in the U.K. and Europe.
In 1947, Robbins and Lundy produced a comprehensive review of the use of curare in North America. The studies revealed that curare was not being used routinely but only when it was thought appropriate, usually to improve surgical access. The original investigators, Griffith and Johnston, were using 100 mg of Intocostrin when they could not obtain adequate relaxation with anaesthesia alone. They estimated that around 38% of abdominal operations having cyclopropane anaesthesia required relaxation to provide better operating conditions. As well as an aid to surgery, curare was being used intermittently by many anaesthetists to relieve laryngospasm. Baird and Adams reported that curare was particularly advantageous in patients with a heavy and muscular build who were heavy drinkers and smokers and thus prone to laryngospasm.
Cullen reported the use of curare in about a thousand cases. Most were given cyclopropane but some had ethylene, nitrous oxide or ether. He used a smaller initial dose, around 40-60 mg, and added additional doses where required. His patients continued to breathe unassisted and only occasionally required "manual compression of the rebreathing bag". The majority of studies in the review reported similar techniques; patients were allowed to breathe spontaneously and only had assisted ventilation when required, usually with an oral airway inserted.
These cases were not without complications and in 1945 Whitacre and Fisher reported a case of aspiration following a laparotomy for a bowel obstruction. The patient was given a total of 160 mg curare over 50 minutes and, despite being in poor condition and having abdominal distension, the patient remained breathing unassisted until the last 15 minutes of the case. During the time that breathing was assisted, the patient vomited, became very cyanotic and eventually died. The anaesthetists commented that the use of an endotracheal tube would have prevented the aspiration. "The advisability of using an endotracheal should always be considered when curare is given to patients who are likely to vomit or regurgitate stomach contents."
Although endotracheal tubes had been available for some time, they were not used routinely and were more difficult to insert in the pre-relaxant era. One group, Harroun, Beckett and Hathaway, reported a series of upper abdominal operations where the patients were intubated and then ventilated for the initial period of apnoea, usually around 20 to 30 minutes. They were then given additional doses only when required for surgical access. Most of these operations lasted around three hours and they found that all the common complications such as decreased blood pressure, increased heart rate and shock, were less with nitrous oxide and supplemental relaxation than with other anaesthetic agents.
So, by 1946 curare had certainly found a place in anaesthesia but its exact role had yet to be clearly defined. Harroun and his colleagues concluded "... we have scarcely begun to solve the problem of physiologic changes produced by this drug. Only when the completion of this work has proved curare to be without permanent deleterious effects will we be able to use it in this manner with a quiet mind and a clear conscience". It was around this time that anaesthetists in Britain began to experiment with muscle relaxants.
Thomas Cecil Gray graduated from medicine at Liverpool University in Britain in 1937 and went on to become a full-time anaesthetist. He volunteered for the army during the war and served as an anaesthetist in North Africa until he developed severe pneumonia in 1944, surviving only due to four hourly trial packs of crystalline penicillin. After his recovery and discharge from the army he returned to anaesthesia in Liverpool in 1945. He was working with John Halton, another anaesthetist, who persuaded an American friend to bring over some Intocostrin for him to try. Gray and Halton conducted a small trial with this Intocostrin and cyclopropane anaesthesia but their supply was limited. Gray then remembered the curarine samples that they had used in physiology classes. This substance was manufactured by Burroughs-Wellcome and had been isolated from crude curare in 1935 by Harold King at their London laboratory. It was a crystalline alkaloid, d-tubocurarine, which was available in ampoules containing 100 mg of grey powder.
Having obtained a box of this powder, Gray and Halton continued their experiments, firstly establishing that the substance could be satisfactorily sterilized, and then making infusions by mixing one 100 mg ampoule with 500 ml of normal saline. They used these infusions to calculate the desired dose. As a result, Burroughs-Wellcome began manufacturing 1.5 ml ampoules with 10 mg of tubocurarine per ml of normal saline, registered under the name "Tubarine". In March the following year Gray and Halton reported over a thousand cases anaesthetized with tubocurarine to the Royal Society of Medicine. By 1947, Gray had written an MD thesis on the subject and expounded his theory that anaesthesia had now irreversibly changed and that "the aim should be to use very light anaesthesia and to provide good operating conditions with the relaxant drug".
Gray discovered that intubated patients who were hyperventilated required less anaesthetic and less relaxant. He added controlled hyperventilation to anaesthesia, analgesia and muscle relaxation, and, at the end of the procedure, reversed the relaxant with a mixture of neostigmine and atropine. He practised this technique with great care and avoided inhalational agents other than nitrous oxide. It was quite a radical change. Initially many experimenting with curare were reluctant to totally control the ventilation, feeling that it would potentially result in an anaesthetic overdose. Some also felt it was wise to intubate the patient and ensure that breathing had re-established prior to giving curare. But with time the method became accepted and was widely known as "the Liverpool technique". C. BALL, R. WESTHORPE Geoffrey Kaye Museum of Anaesthetic History
